Due to the complex nature of the spectra of low-mass M type stars, it is difficult to determine their metallicities and temperatures directly. By studying eclipsing binary pairs comprising one F, G, or K type star with an M type star, we are able to use what we know about the primary star to learn more about the secondary star. For example, measuring the orbital reflex motion of the primary star, together with the eclipse light curve of the M star as it transits the primary star, allows us to determine the mass, radius, temperature, and metallicity of the M star.
Introduction
The main goals of this research were to determine radial velocities of F/G/K + M eclipsing binary stellar systems in order to study the orbits of the systems. M type stars are the most common class of star (with masses of 0.1 -0.4 M solar ), but these stars are also the most difficult for which to obtain accurate measurements. As a result, the mass-radius relationship currently used for M stars is not very accurate, which leads to discrepancies in stellar evolution models. By studying F/G/K + M eclipsing binaries, also called low mass eclipsing binaries or EBLMs, we can obtain a more accurate mass-radius relationship for M stars in these systems, which can then be applied to M stars in general, leading to more accurate stellar evolution models (Hebb et al 2007) (Stassun et al 2006) .
The cooler temperature of M type stars allows for the presence of molecules on the stars, which make their spectra very complex. This makes the metallicity and temperature of this class of star very difficult to measure directly. However, the simpler spectra of F, G, and K type stars make their metallicities and temperatures possible to accurately determine directly. Therefore, studying pairs of an M star with an F, G, or K type star is beneficial because it allows us to determine properties like metallicity for the M star, because we can assume that the stars have the same metallicity by assuming they were formed from the same material, so we get the metallicity for the M star from studying the primary star.
Eclipsing binaries are classical two-body systems where two stars orbit each other around a mutual center of mass. The orientation of the orbit is such that the stars repeatedly eclipse one another at periodic intervals through their orbit. Thus, the masses and radii of the two stars in the binary can be derived by modeling the line-of-sight (radial) velocity curves of the binary components combined with the photometric brightness variations of the system (due to the eclipses) throughout an orbit. Combining radial velocity curves with photometric light curves of eclipsing binaries can lead to important properties of the stars, such as masses, radii, the period, eccentricity, and inclination of the orbit, and the temperature ratio of the two stars. Eclipsing binaries are extremely useful because they allow the calculation of these properties using very accurate direct measurements (Stassun et al 2004) (Hebb et al 2010) .
The study sample contains 23 F/G/K + M eclipsing binaries discovered by SuperWASP, a program that uses photometry to detect transiting extrasolar planets (Pollaceo et al 2006) . Because these EBLMs were discovered by SuperWASP, good light curves for each EBLM already exist. Radial velocity measurements from spectra are needed to use in combination with the photometry to determine orbital parameters and masses for these objects. The specific goals of this research project were to reduce the raw spectra into usable spectra and to calculate radial velocities for EBLMs 1-23 using the reduced data.
Data and Methods

Data
Research was conducted using spectra taken at the Cerro Tololo Inter-American Observatory (CTIO) SMARTS 1.5 meter echelle spectrograph between June 2009 and January 2010. The instrument has a fixed cross-disperser with 266 lines per millimeter. We used a slit size of 130  for our observations, with a spectral resolving power of 30,000. At this resolving power we expect to obtain radial velocity precision of ~0.5 km/s (Hebb et al 2010) . The range of wavelengths observable by the instrument is 4020-7300 Angstroms, with each order including 150 Angstroms.
Each night that an object was to be observed, a Thorium-Argon comparison spectrum was taken before the science exposures. The ThAr calibration files are used to determine wavelength calibration, mapping each pixel position into a wavelength. Ideally, three science exposures were taken for each object each night it was observed. Each EBLM target was observed at five to nine different epochs.
Methods
Data Reduction
The first step was to take the raw images from the telescope and reduce them into a format from which radial velocities could be calculated. An example of the raw target spectra can be seen in Figure 1 . Some data was initially reduced by hand using the standard astronomical software IRAF in order to gain an understanding of the data reduction process, and then all data was reduced using an automated pipeline in IDL (F. Walter, private communication). This process took the raw spectra as seen in Figure 1 and produced a collection of spectra, one for each order. An example of one of these orders can be seen in Figure 2 . 
Radial Velocity Measurements
Radial velocity measurements were made with the fxcor command in IRAF. Fxcor is a crosscorrelation program that compares target spectra with template spectra (the template object is an object for which the radial velocity is already well known) and calculates the pixel shift between each pair of spectra. It then converts the pixel shift to a wavelength shift, and uses the Doppler formula,  =  0 (1+v/c), to calculate the radial velocity of the target object. The template object used for these measurements was HD1461. An example of the cross-correlation function produced by fxcor for one of the objects, showing the pixel shift and final radial velocity measurement, is provided in Figure 3 . Once the fxcor process was completed, weighted radial velocity means were calculated for each object for each observation date by averaging over the multiple spectral orders in each spectrum. This was done for each object for each observation date showing the radial velocity measurements and errors for each individual order. An example can be seen in Figure 4 . Figure 4 . Example of radial velocity measurements for one object for one observation date. Each data point corresponds to the radial velocity measurement for one order. The x-axis represents order number and the y-axis represents radial velocity in units of km/s. The horizontal line through the data points represents the mean radial velocity for this observation date. The mean radial velocity is also written at the top of the graph.
Results
Radial velocities were calculated for all target objects except EBLM12 and EBLM14, because these objects had too much noise to be able to correctly measure radial velocities. Mean radial velocities and errors for five sample objects on each observation date can be found in the following 
Discussion and Conclusions
Once radial velocities had been measured for 21 target objects, these could be used in combination with preexisting photometry for these objects to determine the orbital period of the objects. Examples of figures showing both the discovery and follow-up photometry and figures showing the phase-folded radial velocity plots for each of the five sample objects selected above are included below. For most target objects, the radial velocity measurements phase very well with the photometry. We expect the zero-velocity crossing to coincide with the eclipse, since the radial velocity of zero must occur during the eclipse of each system, and this was observed in almost every case. Notable exceptions include EBLM11 and EBLM19, whose radial velocities did not vary over time. It remains unclear why, but we can speculate that these were perhaps false eclipsing binary detections, or that maybe the M star is actually a low mass companion, such as a brown dwarf, which would cause the radial velocity variation of the primary star to be very slight.
These radial velocity measurements provide more accurate knowledge of the orbital periods, radial velocity amplitude (K 1 ), and eccentricity for these 21 EBLM objects. This information can be used to determine the masses of the M-type stars in these systems once we assume a mass for the primary star. The equation for determining the mass of the secondary star is where P is the orbital period in days, K 1 is the radial velocity amplitude in km/s, M 1 and M 2 are the mass of the primary and secondary stars in solar masses, e is the eccentricity, and i is the angle of inclination. M 1 can be estimated from the temperature or color of the star, and M 2 can then be calculated based on what has previously been measured. For example, for EBLM 16, we have P = 11.76119 +2.08260E-05 -1.63776E-05 days, K 1 = 16.63670 + 0.00578 -0.00556 km/s, M 1 = 1.16277 + 0.11257 -0.11267 M solar , e = 0.00564  0.00031, i = 87.56693 + 0.29132 -0.24700 degrees, from which we calculate M 2 = 0.222082  0.00009 M solar . Future work will involve deriving M 2 in this manner for the rest of the sample.
